Abstract. We present the first surface photometries of the Southern Milky Way (100
Introduction
A large-scale photographic survey of the southern Milky Way in the classic Johnson passbands U, B, V and R was begun in 1971 by obtaining images at the site of the European Southern Observatory (ESO) at La Silla/Chile (Schlosser 1971) . This program was then extended to the ultraviolet in 1993, when the GAUSS camera was part of the German Spacelab Mission D-2, flewn on the space shuttle Columbia (Schlosser 1993) .
Numerous surface photometries of the Milky Way have been published previously, the major earlier ones being those of Pannekoek (1933) and Pannekoek & Koelbloed (1949) . Elsässer & Haug (1960) 
have been the first to
Send offprint requests to: L. Schmidtobreick email: linda@astro.ruhr-uni-bochum.de present photoelectric measurements of the Milky Way with a reasonable resolution in well defined passbands. Other large scale surface photometries since then are those of Smith et al. (1970) ; Pfleiderer & Mayer (1971) ; Classen (1971) ; Weinberg (1981) ; Toller (1989) and the Bochum ones (Paper VII and Paper VIII). However, all of these photometries are restricted to spectral domains close to the visual.
In the ultraviolet, surface photometries have been presented only for smaller areas like some reflection nebulae (Gordon et al. 1994; Witt et al. 1992) or cirrus clouds (Haikala et al. 1995) . In the 140 nm − 180 nm passband, the FAUST FUV telescope has measured about 5000 sources spread over the sky (Bowyer et al. 1993 ) and some efforts have been made to measure the ultraviolet sky brightness or background radiation (Joubert et al. 1983; Henry 1991; Bowyer 1991; Henry & Murthy 1993) . More recent analysis concerning the dust-scattering and the diffuse radiation in the FUV has been conducted by Sasseen & Deharveng (1996) and Witt et al. (1997) (and references therein) .
We here present surface photometries in the ultraviolet on larger scales. In Sects. 2 and 3 we give a short overview on the instrumentation and the data used for the photometries. The reduction is described in detail in Sect. 4, and in Sect. 5 we present the resulting maps yielding a comprehensive picture of the Southern Milky Way at 217 nm and 280 nm (see also Schmidtobreick 1997 and Wiemann 1997) .
The camera
The GAUSS camera (GAlactic Ultra Wide Angle Schmidt System) is an improvement of the Bochum Super Wide Angle Camera, which has been successfully used for the former, earthbound U, B, V, R photometries (Paper VII and Paper VIII). It has been especially designed for the Fig. 1 . The geometric concept of the GAUSS camera investigation of surface brightnesses. This is achieved by the combination of the short focal length f center = 11 mm with the high focal ratio f/2. As main progress, the former spherical, concave mirror has been changed for a hyperbolic, convex one, and the imaging component is now a Schmidt system. This combination results in a flat focal plane without astigmatism. The mirror surface is made of aluminum with a protective covering of LiF. In Fig. 1 , a sketch of the main components of the camera is given. A ring diaphragm is employed for broad band photometry, and for the colour images. Interference filters centered on 122 nm, 175 nm, 217 nm, 280 nm and 357 nm are combined with the Schmidt correctors and separate different passbands in the ultraviolet spectral range. All these nonreflective components are made of MgF 2 or SiO 2 depending on the wavelength. Figure 2 shows the transmission curves of the five filters, the sensitivity of the detector can be regarded as constant. Two detectors have been chosen for the UV-images: Kodak SO647 and Kodak 101-01, the latter one being more sensitive by a factor of four. Additionally, a couple of commercial negative and reversal colour films have been exposed. The idea and function of the camera and its linear mounting has been described in detail by Schlosser (1993) and by Schlosser & Koczet (1995) . 314.
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Data
Between April, 26th and May, 5th 1993, about 40 photographs of the Milky Way have been obtained with the GAUSS-Camera using the various filters described in Sect. 2. Each of them has a field of view of 140
• . For this work, the best images in each filter have been chosen, four at 217 nm and three at 280 nm. Their properties are given in Table 1 . The images have been digitized with the PDS machine of the Astronomical Institute of the Westfälische Wilhelms-Universität, Münster, Germany, using a diaphragm of 20 µm × 20 µm and a step size of 10 µm × 10 µm. This corresponds to a resolution of 0.
• 05 in the sky. 4. Reductions
Geometric rectification
Due to the precise manufacturing of the GAUSS camera, its distortion can be assumed as radially symmetric with respect to the optical axis of the system. Hence, the coordinates to describe this distortion have been chosen as spherical ones: the radial distance r P of an image point from the center of a plane plate and the rotation angle φ P . The catalogued galactic coordinates of about 120 stars on each image have been converted into celestial spherical coordinates: the radial distance r S of the stars from the assumed tangential point in the sky and the rotation angle φ S starting from the meridian of the tangential point. An iteration around the center point of the plate and the estimated corresponding tangential point in the sky has been performed. For each step the spherical celestial coordinates have been compared with the spherical plate coordinates, a polynomial has been fitted to the data, and the deviation has been computed. This deviation has been minimized by the iteration resulting in the correct coordinates (x C , y C , l C , b C ) of the tangential point, and in the polynomials
describing the distortion and the angular offset of the camera. The parameters for the selected images are given in Table 2 . The mean error of this rectification is about ±4 µm or 0.
• 02 in the sky.
Photometric calibration
The former Bochum surface photometries (Paper VII; Paper VIII) have been calibrated by the mean of gradation curves that have been exposed using ESO's wedge spectrograph ETA. Additionally, during the photographic exposures absolute calibration data and information on airglow, scattered light and extinction have been measured photoelectrically.
Since none of these measurements has been done during the spacebound observation, the gradation curves had to be reconstructed from the images themselves. This requires measuring the star densities to compare them with their catalogued fluxes. As reference, the catalogues of Jamar et al. (1976) and of Thompson et al. (1978) have been taken, both resulting from the measurements of the satellite TD 1. The stars have been identified on the images, the maximum of their density has been determined, and for all recovered stars (about 1500 on each image) these maxima have been set in relation to the catalogued flux. The transformation from the measured densities to relative intensities were done by using the characteristic curve after Moffat (1969)
where D is the measured density, and D 0 the density of the chemical fog of the photograph. γ, n and I 0 are free parameters that have been derived by fitting the curve to the data. The typical mean error of this calibration is about 2%. Absolute calibration was obtained by integrating the relative photographic intensities of each identified star, subtracting its individual sky background, and comparing the resulting aperture star photometries F AP with the catalogued fluxes F * . This yields a linear relation with a typical mean error of about 3%.
To obtain the surface photometries, the calibrated images have been divided by (5.37 ± 0.1) 10 −7 sr which is the mean area of one pixel. The parameters D 0 , γ, n and I 0 of the relative calibration, the ratio F AP /F * describing the absolute calibration, and the resulting mean error are given in Table 3 for each image. 
Elimination of foreground stars
The elimination of disturbing, individual foreground stars has been done in two steps. First, all stars brighter than 3 10 −14 W/m 2 nm have been removed from the images. These stars have a characteristic intensity profile that has been used for their identification. Beginning in the center of each star, the average radial differences have been computed and compared to the inner error. As soon as the difference became smaller than the mean error, the hereto belonging circle was defined as the "edge" of the star and the intensity inside this circle was replaced by the average of the individual background.
The fainter stars which do not have this characteristic profile do only cover an area of maximally four pixel and could be removed by a filter similar to the one described in Paper VII. Herewith, all stars brighter than 2.5 10 −15 W/m 2 nm have finally been eliminated from the images.
Zodiacal light and Shuttle Glow
To correct for zodiacal light, we used the values published by Tennyson et al. (1988) . Since the zodiacal light at 217 nm and 280 nm is distributed quite homogeneously (Murthy et al. 1990) , and since its intensity is also very small, it is sufficient to substract an average value from each image. This value has been determined to (0.9 ± 0.3) 10 −11 W m 2 sr nm at 217 nm and to (5.7 ± 2) 10 −11 W m 2 sr nm at 280 nm. Much stronger is the additional light emission that is produced by the shuttle while interacting with the upper atmosphere. Many of the images are influenced by these shuttle glow effects (see Jütte 1996 for a thorough investigation of these phenomena). The classical Shuttle Glow is generally considered to be relatively strong in the red and near-infrared passbands but negligible in the UV. However, we have detected quite intense light phenomena at shorter wavelengths that seem to be related to the shuttle: large, bright clouds surrounding the shuttle and even the camera itself. They seem to be of variable origin and change on timescales of seconds to hours. To eliminate these clouds from the images, they have been fitted with twodimensional polynomials of fourth order. These fits reproduced the shape of the clouds in a reasonable way, however, the zero point of the sky background could not be derived by this method. Therefore it has been estimated from the darkest parts of the images, which have been regarded as unaffected by the glow. The error of this estimation is very high with about 20% of the mean Milky Way brightness. However, there is no other possibility to derive the correct sky background. We consider these glow phenomena to be a major obstacle to all photometries obtained at Low Earth Orbits. 
Transformation and averaging
The derivation of the geometric parameters (Table 2) allows the transformation of the images into maps of the Milky Way in cartesian coordinates l, b. The stepsize has been chosen as 0.
• 25 × 0.
• 25 for comparison with the U, B, V, R photometries (Paper VII; Paper VIII). The individual maps have been added up to give a picture of the Milky Way by averaging the overlapping regions. Due to the small number of usable images, there are only a few regions where the sky coverage is equal or better than three images (see Fig. 3 ).
The resulting photometries
In Figs. 5 and 6 the final surface photometries are presented. Both maps cover the Milky Way between Cygnus and Vela (100 Figure 4 shows the same maps as contour plots. The appearance of the Milky Way at 217 nm and 280 nm is dominated strongly by interstellar extinction, leading to high intensity gradients all over the galactic plane. Especially, the effect by local dark clouds is extremely strong. Together with young OB stars emitting high flux densities in the UV, they are responsible for various bright reflection nebulae and other light emissions that can be attributed to scattering phenomena.
Other bright sources on the photometries are near, young open clusters like NGC 3114, IC 2602, M 6, M 7, M 8, and M 20 . Since these objects consist mainly of OB stars, the bright appearence of them is to be expected. The region around η Car, where the tangential point of the Sgr-Car spiral arm is assumed, is one of the brightest areas in both photometries. This can be explained by two effects. First, in this direction the extinction is assumed to be very low (see e.g. Neckel & Klare 1980) . Even in the UV, one can see deep into our galaxy onto the inner spiral arm. Second, spiral arms are dominated by young, hot stellar objects. Hence, the integrated star light of many sources bright in the UV forms the high surface intensities in this direction.
The galactic center region is hardly visible at all. Here, the stellar population building the bulge is a relatively old one. Although there is no agreement on the exact age of the bulge, it is generally accepted, that it ought to be older than 5 − 8 Gyr (Holtzman et al. 1993; Bertelli et al. 1995 and others in there). The resulting low number of young, hot stars, is responsible for the low surface intensity in this region. Additionally, the effects of the large dark clouds of the Ophiuchus complex must not be neglected. The whole region around the galactic center is almost completely hidden by this complex.
Comparing the appearance of the Milky Way in the UV with the earthbound UBV R photometries shows a straight line of order. Towards shorter wavelengths, the image of the Milky Way becomes more and more disrupted due to the increasing effects of interstellar extinction. The galactic center, which is the brightest part in R, becomes fainter, whereas the surface brightness of the Carinae region increases and begins to exceed the galactic center brightness in B.
Summary
Two surface photometries of the southern Milky Way have been established at central wavelengths 217 nm and 280 nm. Except for some windows of low extinction in the interstellar dust, all the light phenomena on the maps are local and can be attributed to the integrated light of young hot stellar objects or to scattering phenomena resulting from the interaction of OB starlight with the interstellar grains.
The data will be soon accessible in digital form at the astronomical data center Centre de Données Stellaires (CDS) in Strasbourg under http://cdsweb.u-strasbg.fr/htbin/myqcat3?VII/199/ At this address, all major surface photometries of the Milky Way shall be collected and made accessible to the public.
